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67. How are duplicate moon images 
made? Goldberg's Rule. 


16-21 minutes 


Foreword. 
Max Max: Leonid, in the first part you announced, | quote: 


// And just in the next article | will talk about the Goldberg rule 
and the tricky Intermedia films. It is only at first glance toa 
person far from reproduction that everything seems simple: 
he took a slide image, re-shot it on the same film - and gota 
one-to-one duplicate. It doesn't work out one to one. The 
contrast increases markedly, the latitude decreases. That is 
why a separate discussion will be in the next article. // 


| didn't know how to start an article about duplicate lunar images, which 
are needed to obtain composite frames, and there are many of those in 
the Apollo missions. The article must contain formulas, calculations of 
the tangents of angles, and | understood that this would not be 
interesting to readers. But then | saw a TV show about the Honored 
Artist of Russia Zhanna Rozhdestvenskaya, and | realized where to 
Start. 


lrina Muravyova sings "Call me, call" in the voice of Zhanna 
Rozhdestvenskaya. This is her voice sounds in the rock opera "The 
Star and the Death of Joaquin Murieta" and in the film "June 31", and 
she is also Known as a performer of Soviet movie-lovers, for example, 
"The Fortune Teller" (“What can | say, people are arranged this way") 
and others. Her voice range is 4 octaves. 


Zhanna Rozhdestvenskaya was in the studio, and the stories of 
composers about working with her were shown on the TV on the wall. 
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Zhanna Rozhdestvenskaya in the studio. There is a TV on 
the back wall. 


Zhanna Rozhdestvenskaya in the studio. There is a TV on the back 
wall. 


For example, the composer Alexei Rybnikov said that the phonogram 
of her Aria of the Blessed Virgin has been playing for 40 years in a row 
in the theatrical productions of Juno and Avos. Some fragments of A. 
Rybnikov's speech were shown in the original, some were shown from 
the studio, re-filmed from a television screen. And | thought that this is 
a wonderful example that illustrates the difficulties of making 
duplicates. 


There is a video recording of A. Rybnikov's monologue. Let's call this 
recording the original. 





Composer Alexey Rybnikov. 


Composer Alexey Rybnikov. 


And there is a reshoot of this original from the TV screen with another 
video camera, let's call such an image a duplicate. 
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A. Rybnikov on the TV screen. 
A. Rybnikov on the TV screen. 


How is the duplicate different from the original? In the original, we see 
the professional (from a technical point of view) work of a TV operator. 
Good elaboration in light details and in shadows - on a white shirt and 
light trousers, shades of white fabric are visible, all the folds are visible, 
and on a black jacket, folds are also visible, the texture is worked out. 
And in the duplicate, reshoot from the TV screen, the shirt turned out to 
be overmodulated, all the details were gone, it looks like a white, 
textureless "hole". The dark jacket has also changed, it has become a 
textureless black mass. And even the yellowish lampshade of the table 
lamp has completely bleached out in the upper part, while in the 
Original we see brightness transitions on the lampshade without 
overmodulation. 


According to the exposure, the TV screen is set correctly, the dark and 
light parts have changed equally. But the main difference was in the 
increase in image contrast. 


When we discussed footage with masks around the lunar module, in 
previous articles (for example, "Undocking in lunar orbit. Why are all 
frames of the lunar module mock-ups?" ) 





A mask around the lunar module. 


A mask around the lunar module. 


it was clear that these were combined frames, that this was a montage, 
a combination of two images from two different films. The cut-out 
picture of the lunar module was superimposed on the background 
picture (view from the window), and this composite picture was again 
photographed, already on another film, and sent to the archive asa 
real one. 





The combined frame Is re-captured and included in the video. 
The combined frame is re-captured and included in the video. 


According to NASA, the color photographs were taken on color 
reversible (slide) Kodak Ektachrom photographic film. If this image is 
reshomed on the same slide film, then the same will happen as in the 
example with the TV show - the image in the duplicate will become 
very contrasting, with the failure of shadows and the loss of details in 
the highlights. And the duplicate will not look like the original. 


To show in numerical terms to what extent the contrast will change, you 
have to talk about the slope of the characteristic curve, which is used to 
determine the contrast ratio. Therefore, be patient, the technical 
presentation of the issue will go further. 


To determine the contrast ratio, you first need to plot a characteristic 
curve. The characteristic curve shows how the film reacts to light - in 
other words, how much density it responds to different amounts of light. 


The sequence of "operations" is as follows. Using a sensitometer 
device (this is an exposure device) 
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The sensitometer is getting ready for work. 


The sensitometer is getting ready for work. 


a number of fields (up to 30) are imprinted on a piece of film, from the 
minimum amount of light to the maximum, in half-step increments. 
(Through one field, the amount of light changes by 2 times.) This series 
of fields is called a sensitogram . 


After development, the field densities are measured in the light on a 
densitometer . 





Densitometers "Macbeth TD-504" and "Brumicro" 
Densitometers "Macbeth TD-504" and "Brumicro" 


Density "1" means that light is attenuated 10 times, density "2" 
attenuates light by 100 times, and density "3" - already 1000 times. 
This is what a sensitogram looks like on black and white Kodak film. 
On the right side you can see the numbering of the fields and the 
results of densitometric measurements. 
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Sensitogram on black-and-white negative Kodak film. On the 
right - field numbering and measured field densities. Large 
"notches" - marks across 5 fields. 


Sensitogram on black-and-white negative Kodak film. On the right - 
field numbering and measured field densities. Large "notches" - marks 
across 5 fields. 


Then the amount of light is plotted on the form on a horizontal scale, 
and density on a vertical scale. The dependence obtained in the form 
of a line is called a characteristic curve. 


XAPAKTEPHMCTHYECKAA KPHMBAA 
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Characteristic curve of negative film. 
Characteristic curve of negative film. 


lf anyone Is interested in the details, here is posted a 30-page article 
about how the characteristic curve is constructed, how the film 
parameters (sensitivity, latitude, average gradient) are extracted from it, 
and so on. 


The next paragraph, in italics, explains what the tangent of an angle is 
and how it is found. Anyone who doesn't like math can skip it. 


To indicate the contrast ratio (degree of contrast) in sensitometry, a 
Special symbol is used - the Greek letter gamma - y. Gamma indicates 
the degree of slope of the characteristic curve and Is defined as the 
tangent of the slope of the straight section of the characteristic curve. 
To imagine what numerical values can acquire the degree of contrast, 
gamma, and how visually the value of gamma is related to the slope of 
the characteristic curve, it is necessary to recall the basics of 
trigonometry. In order to find the tangent of the angle in a right-angled 
triangle, on one of the sides of which the characteristic curve lies, it is 
necessary to divide the opposite leg b into the adjacent leg, a (see 


figure). So, if side b in a right-angled triangle is equal to side a, an 
angle of 45 ° is formed, the ratio of the lengths of the legs becomes 
equal to one. It follows that if the film has a contrast ratio of one, its 
characteristic curve is at an angle of 45 °. If side b is larger than side a, 
then the characteristic curve lying on the hypotenuse of such a triangle 
will have an angle of inclination greater than 45 ° and, accordingly, the 
gamma Is greater than one. If in a right-angled triangle side b is less 
than side a, the gamma Is less than one. 


XAPAKTEPHCTMYECKAA KPHBAA 





Characteristic curves with different contrast ratios, gamma 1, 
0.5 and 3. 


Characteristic curves with different contrast ratios, gamma 1, 0.5 and 3. 


Negative films have a low contrast ratio, positive films have a large 
one. The standard contrast ratio of negative photographic films is 0.65 
(black and white) or 0.55 (for color), for positive films - 3.2..3.6. 
Haveslide films "Ektahrom" - about 2. 


Here are the characteristic curves of the Ektachroma Kodak. The film is 
reversible, so the curves will be mirrored. 


Characteristic Curves 


Exposure: Daylight 1/100 second 
B Process: E-6 


G Densitometry: Status A 


DENSITY 
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Characteristic curves of the Kodak "Ektahrom" film. 


Characteristic curves of the Kodak "Ektahrom" film. 


The reversible film has a contrast ratio of about 2. Therefore, if a 
positive image from a slide is re-captured on the same film, 
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Color slide. Portrait of a girl. Photo by M. Movsisyan (my 
classmate). 


Color slide. Portrait of a girl. Photo by M. Movsisyan (my classmate). 


the resulting contrast ratio will be 4 - the contrast ratios are multiplied. 
The image in the duplicate will become twice as contrasting. 


You can reshoot the slide on negative film, and then print it on film 
positive. Thus - by printing from negative to positive film - films are 
replicated. The result is also a positive image on a transparent film. But 
if we go through this chain and multiply the contrast ratio (gamma) of 
the slide (reversible) film by the negative gamut (0.55), and then by the 
positive gamut (3.5), we get 3.85 as a result. Again, very contrasting. 


lf initially the contrast ratio of the original (image - ISO) is 2, then in 
order to get 2 again in the duplicate, 


two stages of printing (negative and positive) should give UNIT when 
multiplied. This is Goldberg's rule, which is used when making 
duplicates: the product of the negative gamut by the positive 
gamut should be equal to one . 


Goldberg wrote about this in his book. | found a book translated into 
Russian and scanned it. Anyone who wishes can watch it.Holbderg's 
p00k , The Formation of the Photographic Image, 1918 





Book by E. Goldberg, Russian version of 1918 edition 


Book by E. Goldberg, Russian version of 1918 edition 


To obtain an image that corresponds to the original, the product of the 
contrast ratios of the intermediate stages (making a double negative 
and a double positive) must be equal to one. 


There are several options here on how to fulfill this condition. You can 
make a low-contrast double-negative (with a gamma of 0.6..0.65) anda 
more contrasting double-positive (with a gamma of 1.6). Then the 
product will be equal to one. This was done in black and white. The 
result is two different countertip tapes. 


And in the color process, Kodak acted differently. He produced both 
take-negative and take-positive film with the same contrast ratio. And 
this contrast ratio, as you might guess, is equal to one. And the 
negative comes with a contrast ratio of one, and the positive comes 
with exactly the same contrast ratio. In other words, it is one and the 
same film, and it is called Intermediate. Duplicate negative and 
duplicate positive are made on the same Intermediate. The 
characteristic curves of such a film are at an angle of 45°. 


: | Oxcnouuposaune : 1/50 c np wBeroBoit Temnepatype 2854 K — 
2 c dusbTpoM Fuji SC-41 u koppextupyrommn 
(PHJIbTPOM, HMUTHpyIOuMM Macky 





Characteristic curves of the film Intermediate. 
Characteristic curves of the film Intermediate. 


Since this film is used in a laboratory under a specific very weak 
yellowish illumination, so that the film does not light up on copiers, it 
must have a very low sensitivity, about 1.5 units or less. 


lf someone thinks that the process of making duplicates is some kind of 
exotic operation, then | hasten to assure that this is not so. Until 
recently, duplicates were made in millions of kilometers. Not a single 
film could be shown in the theater until a duplicate was made. 


Imagine a typical film distribution situation 10 or 20 years ago, when 
cinemas showed films from motion pictures: the premiere of a 
blockbuster Hollywood film is underway. And at once in 1100 cinemas 
in different cities of our country the same film is shown. 


Naturally, Hollywood will not transmit its unique negative to us, so that 
we will scratch it all over, driving it back and forth 1100 times through 
the copier to print the positive. We will be sold a duplicate. The process 
of making a duplicate is called countertip. | already wrote about this in 
the article:49. Why was the Intermediate needed to make the originals 
of the lunar images? 


Many years of efforts by Kodak Film Design Engineers have 
been aimed at making such a counterfeit film so that the 
image printed from it does not differ visually from the image 
printed from the original negative. 


But in that previous article, we didn't say anything about the 
characteristics of this counterfeit tape. And now it's time to show on film 
cuts what this process looks like. 


In our country and abroad, a maximum of 7-8 film copies are printed 
from the original film negative: a copy for the premiere at the House of 
Cinema and a master copy for a copy factory. For cinemas, films have 
always been printed with countertypes. For mass printing, the copy 
factory produced a duplicate of the negative. The duplicate should 
have the same contrast ratio as the original. If the original has a 
contrast ratio of 0.55, then as a result of two stages of printing, we 
should again get 0.55. In other words: 0.55 x 1 x1 = 0.55. 
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Making a duplicate of the negative. 
Making a duplicate of the negative. 


From the original negative, which has a contrast ratio of about 0.55, 
you can print a film positive. Positive film has a high contrast ratio of 
3.2 to 3.6. The result is a contrasting positive image. Or you can print 
from the original negative to Intermediate, which has a contrast ratio of 
one. The positive image (double-positive) will be low-contrast. See 
what this difference looks like. Both images are printed from the 
same negative. Pay attention to the black and white fields. 





On the left is positive, on the right is a double-positive. They 
differ in contrast by 3 times. 


On the left is positive, on the right is a double-positive. They differ in 
contrast by 3 times. 


Don't be confused that the positive image on the right has an orange 
mask. Nobody watches this double positive on the screen. It is only 
needed for intermediate stages to make a double negative. The film 
itself is called "Intermediate", which translates as "intermediate". 


And here is the negative take, printed from the masked positive take. 





A double negative in a plastic frame. 
A double negative in a plastic frame. 


Sometimes, at presentations in the House of Cinema, the Kodak 
company showed an image on the screen, divided in half by a vertical 
line. One half was printed from the original negative, the other half from 
the countertype. And even experienced cameramen in the first minute 
could not distinguish where the image is from the original, and where 
from the duplicate. 


We have described all these stages in such detail so that you 
understand that almost all combined shots are made on a special 
counter-type film. If the frames are filmed on a chroma key, then the 
Original chroma key is present, and it cannot be removed from there. 





Tom Hanks as director on the set of A Trip to the Moon, 2005 


Tom Hanks as director on the set of A Trip to the Moon, 2005 


This is then, with the help of black-and-white masks and counter- 
masks, they overlap a part of the image, and two images are brought 
onto the Intermedia film - the foreground object and the background. 
The result is a composite frame. 


So the fact is that this or that tape in the Apollo mission is not the 
Original, it is a tape on which photographs taken in different 
places and at different times are reduced. Some of the 
photographs are combined shots, over which they spent a long 
time on a trick machine (connecting the layout of the lunar 
module and the porthole), other shots are the shooting of 
mannequins in pavilion "A", and some shots are layouts and 
dolls, which we worked on arranging in pavilion "B". 


In other words, we do not see the sources, we only see the images 
collapsed in the countertype. And these countertypes are called 
ORIGINALS, since the sources are semi-finished products, and they 
are no longer there. 


For example, I'm pretty sure the Apollo images posted on Flicker were 
scanned from a double negative. This is not a slide scan, it was the 
masked negative that was scanned. | even wrote an article about this: 
48. Why did the black space in NASA's imagery turn green? 





A still from the Apollo 12 mission. 


A still from the Apollo 12 mission. 





Frame from Apollo 12 mission inverted (turned into negative). 


Frame from Apollo 12 mission inverted (turned into negative). 


And he explained by what signs it is possible to determine that it was 
the NEGATIVE that was scanned, more precisely, the double-negative. 
Moreover, | admit that the double-negative was made relatively 
recently, after 2000. 


All these assumptions can be talked about after we discuss scanning 
technology. Now images of films are scanned not only in order to lay 
out the scans, but in order to process the scanned image in the editor 
and then, using the ARRILASER installation, transfer the image for 
archival storage to a modern film medium. 


In general, you understand, there will be a conversation ahead of how 
old tapes, old movies are restored, and again, for history, they are 
transferred to tape. 


Finally, | would like to say: "My task, as a teacher, is not to expose, but 
to educate." If the article seemed too overloaded to you, write where 
the interest disappears from, and how you would present this material. 


Cameraman L. Konovalov was with you. Until next time! 
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At the "Slavich" enterprise Seated: Zalessky), where 
photographic emulsions are made. 


At the "Slavich" enterprise (Pereslavl-Zalessky), where photographic 
emulsions are made. 


